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76 SOLUTIONS OF PROBLEMS. [Feb., 

n which 

t =r' - r h ± | 

f = r" - r'to (4) 

t" =>t' + t J 

Expanding (2) to the second powers of h, we find 

* = ha |/'(m) + ~f"(u) | i + bh { *.'(«) + \ <p"(u) | j + oh jV( M ) + | #»(u) Wo, 

f = ftoVCu) + W'(M)H + bh{<p'(u) + lh<p"(u)}j +ch{ V{u) + 3* #"(«) | fc^o, 

«" = 2te{/(«) + ¥"(«)H + 2hh{ v '(u) + h v "{u)}j + 2ch{f'(u) + hf"{u)}h h ^. 

(Xi = h*ab{f(u) v "(u) -f"(u)<p'(u)}i + h*bc{<p'(u)f"(u) - <p"(u)f'(u)}j 

+ h>ac{f'(M)f"(u) - t"(u)f(u)}k k ^. 
Substituting these values in (3), we find as h = 

(M)' 



U 2 



(tXt)-(t xt)' 
In the case of the helix, 

r = a cos ui + a sin w/' + cuk; t-t = (a 2 + c 2 )^ 2 j=o; 
and 

(X/ = ^{a 2 * + ac sin zy — ac cos wAJiio- 
Hence, 

^ = a * + <? 
a 

Note. — The dots over the i's in the denominator of the problem as it appeared in the 
Monthly are misprints, according to a statement of the Proposer. We are publishing Mr. 
Weisner's solution of the problem as it appeared in print and also Professor Reynolds's solution 
of the problem as he wished it to appear. — Editor of Problems and Solutions. 

322 (Mechanics). Proposed by fbank B. morris, Glendale, California. 

A pole of uniform size and weight throughout its length stands in a vertical position. The 
height of the pole is h and its weight w. It hinges at the base and falls, passing through a hori- 
zontal position. At the moment it reaches the horizontal position, how far from the base is the 
maximum vertical force tending to break the pole? How great is this force? What is the hori- 
zontal force at the same position in the pole? 

I. Solution by C. F. Gummer, Kingston, Ontario. 

Let the rod coincide initially with the j/-axis and later with the x-axis. Let 6 be its inclination 
to the latter at time t; P, Q, and N the radial and transverse stresses and the breaking couple at 
distance r from the origin. 
The equations of motion for the element dr are 

(1) ._ cos9 __ slne= _^_j cos()) 

n\ SP . a .dQ a vir (d V . . . w 

and 

dN 

(3) Q + -§ = °- 

The boundary conditions are 

(4) P = Q = N = when r = h, and 

(5) JV = when r = 0. 
The initial condition is 

6) f-0 when . - | . 
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By integrating (1) and (2) for r, and using (4), we get 

w 
2gh' 



P-ZrV -*)($)• -i*-r)*., 



and 

*--jr«-St(*-f)S+?("-i)-* 

Hence, by (5), 

2A^ = -3 ff cos9 
and hence, by (6), 

*(£? ) 2 = 3s(l - sin 0). 
It follows that, when = 0, 

P = S (A2-r2) ' 0-^Cft-r)(3r-A), and i\T = ^r(fc-r)'. 

Therefore, the shear, Q, is a maximum for r = 2A/3, which makes P = 5w/6, Q = w/12, and 
iV = Aw/54. 

It may be added that N is a maximum for r — h/3, which gives P = 4w/3, Q — 0, and 
2V = Aw/27. 

This problem is discussed in E. J. Routh's Elementary Rigid Dynamics, § 151, 7th edition. 

II. Solution by J. B. Reynolds, Lehigh University, South Bethlehem, Pa. 

At any instant, let the pole make an angle 6 with the vertical and let be the point about 
which it is turning. Taking moments about 0, we have 

h . n wh?- A 
w 2 sme= gW e ' 



whence 



0? = 02 = ^ (l - cos 6), (2) 

oi being the angular velocity of the pole. 

When in a horizontal position, let any differential mass of the pole of mass k per unit length 
be acted upon by a vertical stress force F and a horizontal force T, If this differential of mass is 
at distance r from 0, its accelerations will be rd vertically and rd 2 horizontally. 

Resolving vertically, we have 

F + gdm = r'Sdm, (3) 

in which dm = kdr. 

Then if M is the moment of the couple tending to break the pole at a point distant u from O, 
we have 

M = kg f u F(r - u) = f u (rd - g)(r - u)dm, by (3), or by (1) for $ = 90°, 

M = kgf u (Sr/2h - l)(r - u)dr = wfih* f u (3r - 2h)(r - u)dr, = w/4h?{hhi +u 3 - 2hv?} 

since kgh = w. 

For this to be a maximum dM/du = 0, or 3w 2 — 4hu + h? = (3m — h)(u — h) =0; whence 
u = l/3h, giving the point at which there is the greatest tendency to break. At this point, M 
= wh/27. 

Resolving horizontally for a differential mass, we have T + dT — T = rfcdm, so that by (2) 
for 6 = 90°, 

1 h Juzk V 2jl/3A ^ 



